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Effects of exogenous growth regulators on photosynthetic
parameters and yield of sorghum

WANG Jiaxu,ZHANG Fei, WANG Yanqiu,ZOU Jianqgiu,ZHU Kai,ZHANG Zhipeng, LU Feng
(Sorghum Research Institute, Liaoning Academy of Agricultural Sciences, Shenyang, Liaoning 110161, China)

Abstract: In this study, the sorghum variety Liaonian 3 was used as the test material from 2019 to 2020. Dif-
ferent concentrations of retarding ( Uniconazole) and promoting ( Diethyl aminoethyl hexanoate) growth regulators
were used to analyze yield, agronomic traits, photosynthesis and chlorophyll fluorescence parameters. The result
showed that there was no difference in the yield of spraying Diethyl aminoethyl hexanoate. The spraying of Unicon-
azole growth regulator significantly increased the yield by 3.17% ~13.51%. When spraying 60 mg + L' Unicon-
azole, the yield reached the maximum (8 989.49 kg « hm™) , and the plant height was reduced 19.72% in this
treatment, stem thickness, ear length and dry matter quality were increased by 24.12% ,22.13% and 7.02%, and

the yield and dry matter were significantly positively correlated (R=0.94"" ). During the filling stage, the chloro-
phyll SPAD value of functional leaves increased by 17.45% , and the net photosynthetic rate increased by 8.37% ~
13.60% compared with the control. Simultaneously, the chlorophyll fluorescence parameters were improved, and
F/F. , F/F,and qP were significantly increased by 2.12% ,20.50% and 41.50% compared with the control. The
F/F , F/F,and qP were significantly positively correlated with yield. In general, the application of Uniconazole
60 mg - L7'(225 L - hm™) in sorghum improved electron transfer efficiency and the population photosynthesis, op-
timized the source-sink relationship and achieved higher yield.

Keywords : sorghum; uniconazole; diethyl hexanoate; yield; photosynthetic fluorescence
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Table 1 Type and concentration of growth regulators tested

Fom B HEE (mg - L)
Type Treatment Concentration

S A4 700 (e ) 51 40
Retarded growth regulator S2 60
(' Uniconazole ) S3 80
R 50 70 e i ) b1 40
Promoting growth regulator D2 60
( Diethyl aminoethyl hexanoate ) D3 80
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Fig.1 Average temperature and precipitation during

sorghum growth period in 2019 and 2020
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Table 2 Effects of spraying growth regulators on yield and agronomic characters of sorghum
Ay Qb Fe/ (kg - hm™2) B/ cm 254/ mm K/ em
Year Treatment Yield Plant height Stem diameter Ear length
CK 7903.98+706.68hc 165.67+1.33a 23.84+0.70b 25.67+1.20b
S1 8018.51+751.13b 141.00+7.02be 28.23+1.45a 31.35+1.33a
S2 8989.49+265.01a 133.00+4.16¢ 28.23+0.82a 31.00+1.00a
2019 S3 7963.70+£636.81b 142.00+5.13be 24.24+0.44h 28.36+2.33ab
D1 7853.93+762.10bc 149.00+7.02b 28.36+2.92a 30.00+0.58a
D2 7187.59+645.48¢cd 140.00+4.36bc 27.67+0.51a 30.67+0.88a
D3 6868.43+436.48d 149.67+4.26b 27.59+2.59a 28.53+1.20ab
CK 7858.38+536.11¢c 165.56+1.66a 25.75+0.76b 27.33+1.45h
S1 8606.69+1624.84h 155.33+7.88bc 31.96+2.27a 33.33+1.35a
S2 8901.67+724.06a 156.33+5.78b 29.80+0.55ab 32.00+0.58a
2020 S3 8296.31+332.68¢ 156.30+4.49b 28.21+1.23ab 32.00+1.36a
D1 7448.43+1228.95¢ 163.67+7.69a 30.49+0.89a 30.00+2.65ab
D2 7626.27+158.36¢ 164.00+4.93a 30.48+1.57a 32.66+0.88a
D3 7566.57+233.82¢ 164.67+4.81a 26.18+0.48h 30.35+1.20ab
AbFR Treatment( T) # # *
Ay Year(Y) * NS NS
TXY NS * NS

T« R SNEAE J& A ) - B 7 R — AR O A B ) 22 57 . 35 (P<0.05) o NS+ il + + 43| R o b 3 25 57 P<0.05 1 P<0.01 /K25 5

Fo Th,

Note ; Different letters after the same column of data indicate significant differences in the same year among treatments ( P<0.05). NS, * and * *

indicate no difference, significant difference at P<0.05,and significant difference at P<0.01 level, respectively. The same below.
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Fig.2 Effects of spraying growth regulators on dry matter

accumulation of sorghum
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[ I N T 3.56% ~ 20.36% AL S ER N T
6.69% ~ 26.77% . /K 53 I FH AL ZE 3 I T 5. 64% ~
16.83% ; Wit {12 17F 24 A < I8 5 7 B 1 (D) By b 38
Fot G R ZEB R AL KRR
W& 43514 0.04% ~15.77% 0.64% ~11.73% .0.39% ~
4.70% ,0.65% ~ 13.92% , 7] UL, i FH 4iE 2% 71 A= K 1
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FRNEATE S BUE MR RUR A B, o = s e
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Fig.3 Effects of spraying growth regulators on the chlorophyll SPAD value of sorghum at the filling stage
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Table 3  Effects of spraying growth regulators on photosynthetic parameters of sorghum

Tl — S AR e

Gy S OS] (%)[C%E£ iﬂé@% Intercellular carbon LR 71(6}*“%/;&%;
Year Treatment Net photosynthetlc jate Transpn‘allf)n ratfe dioxide concentration Stomatal (toilducta}nce Water use efflclfn(:y
/(pmol » m™2 +s7')  /(mmol - m™2 +s7") 1 /(mol » m™2 - s7") /(mmol + mol™")
/(mol + mol™)
CK 22.58+2.25h 7.30+0.17b 158.83+13.51a 0.25+0.02b 3.09+0.34b
S1 26.66+1.18a 7.81+0.14a 143.77+12.88b 0.30+0.01a 3.55+0.26a
S2 26.78+0.46a 7.61+0.13a 147.75+11.58b 0.32+0.10a 3.61+0.15a
2019 S3 26.03+2.57a 7.56+0.10a 146.36x11.73ab 0.27+0.02ab 3.54+0.10a
D1 26.14+0.66a 7.43+0.15ab 150.45+11.77ab 0.26+0.02b 3.52+0.08a
D2 24.15+1.56ab 7.54+0.11a 154.46+11.96a 0.26+0.02b 3.20+0.57b
D3 22.59+0.23b 7.50+0.08a 153.55+11.44a 0.26+0.02b 3.11+0.29b
CK 25.93+0.54b 7.76+0.26b 216.33+18.17a 0.53+0.02b 3.14x0.21b
S1 28.35+1.34a 8.96+0.31ab 213.67+18.74a 0.58+0.02a 3.16+0.22b
S2 28.43+0.49a 9.34+0.06a 184.34+12.03b 0.58+0.03a 3.14+0.25b
2020 S3 28.10+0.76a 8.51+0.44b 185.39+14.70b 0.56+0.02a 3.30+0.17a
D1 27.68+1.08ab 8.67+0.39ab 215.54x17.21a 0.56+0.02a 3.19+0.14b
D2 27.45+0.45ab 8.32+0.45ab 206.65+19.50ab 0.56+0.03a 3.30+0.22a
D3 27.25+1.56ab 7.81+£0.61b 201.13+20.02ab 0.56+0.02a 3.29+0.24a
AbPH Treatment(T) * * * * *
AEMY Years(Y) ® w ok * % w ok NS
TxY NS NS * * NS

Wit A 2 AU AR I R (S) A EE F/F, L
CKIIN1T0.51% ~2.12%, F /F, 3N 17 3.48% ~
20.50% ,qP Hahn'T 4.63% ~41.50% , ¥I7E S2 i ik 5
HKAA ; NPQ FER T 1.70% ~14.91% , WA A
AR R(D) AL EE F /F L CK 35T 0.74%
~1.92% 75 D2 WK B KAE ; F/F, H 1R N 4.53%
~8.71% ,7F D1 B35 B fie KAE ; P HE TR R 4.25% ~
24.50% , 7% D1 Bk S5 KAl ; NPQ FEIR T 0.72% ~
14.91% , SEGEARIA AT (S) Wit Wk 24 60 mg

- LB XS RIS BN RSO B
2.6 HHEXDHT

FIFH DPS A XA [R)AF 4 Az 08 5 Ak 1R
IR 3 5 B A K S AR BRI AT T A Ay
Br(Fk4), BRifi A mmik BE | 4¢3 SPAD {H
HNPQ A1 oA PRIR 5 77 6 ] 35 5 AN W] A B2 1 1 AR
KRR, H PR Y i 577 S B
(R=0.94),

B SEUh S 2R RS AL S B A
KK (R=0.76) , Hk Jyid A s 2 AK 43 FH
BR(R=0.67 .R=0.56) . MilE] — &bk & 5 H
A AE S B 4 2 BT C, Hodh 57K 43 FLH
BRBEEEFEIMKER(R=-0.71) , HEHEF,
R TR LS RN K 43 F) F 850C% [R] A7 8 1EAH 56
KR, HEotf R 5 HADC S /EH S EUEY 2
Wl FIEA & (R=0.85~0.96) ,

M2 RIS E0h Bk NPQ 4h, 755 F /F,, .
F /FHgP ¥ 5 B IEM K, JE bR R
(NPQ) 5 HABM- R IOCSHI R A, Kb 5
F/F, 225538 8% KV-(R=-0.73) . PSILEHIOL
REREALRCR(F /F,) 5 PSITETFRCR(F /F,) TG
T2EVER Z B (gP) A BE IEAH KR (R=0.72~
0.77) ,5 NPQ 2R ETAMKKER(R=-0.73), F ./
Fo 5 qP M2 R EEAHXCR(R=0.96) , 5 NPQ
AR,
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Fig.4 Effects of spraying growth regulators on the chlorophyll fluorescence parameters of sorghum at filling stage

3 g S5

3.1 EYERKBALHXER~ 2R

(B e e NVESNEE=gibbi A Ik PSP E RS E
Xt i 5 A B B B TR, AT R
P18 fhe S 2R R A 2 7R 744 o 248 2R A R 1 7R v E 2 Y
AR 5 A A 1 5 AR W v B D 60
myg « L7 IPRFAL™ f a e Bl it 4k J3E 13, )
I T R U I I v e R A R Y SR A o TR 3

e R RERLER A, 3X TR B e g R B
e R A R 50 I B R AR BT, DK 3 5 AT
Ry i 0] BER 6 35 22 S K0T, 5 A il
F1% P 5t 20 el R B T 32 T A 3 0 o e L7
I IIFTE A R 22 5, T REJE I D A TR 403
TSI A AR 75 Sz AN [, e 2 2 A 9 3 75
SRR XTIORG 3 5 e AR B8 < R BOVE AT, OF AR IE
AT PESG IR W5 I A 2 BN, T W s B R R
1%, 25 RECT I



84 TR XA AT 5540 %
x4 IH3SERIZERREEBEROBEXSH
Table 4  Correlation analysis of main growth and physiological characters of Liaonian 3 sorghum
HikT AR s o] =y KA
ik o PR SPADIN sk R fakr s 0T
. . - Dry matter  Chlorophyll Net Transpiration Intercellular Stomatal * F/F, F/Fy gP  NPQ
Trait Yield . .. Water use
mass per SPAD  photosynthetic rate carbon dioxide conductance .
. efficiency
plant value rate concentration
7R Yield 1.00 094" 0.29 0.67" 0.76 " -0.58 0.76" 0.56" 059" 070" 077" -0.04
BT B
Dry matter mass 1.00 0.28 0.82" 086" * -0.62 0.83" 0.73" 071" 058 072" -023
per plant
43R SPAD i
Chlorophyll 1.00 0.69 0.70 -0.17 0.63 0.60 0.80" 035 041 -0.83"
SPAD value
PP
Net photosynthetic 1.00 095"~ -0.63 0.85" " 096** 0.83"7060 073 -0.68
rate
SR ) . . .
o Héj‘z 1.00 -0.59 094"~ 0.83* 092" 072" 084" * -0.61
Transpiration rate
i ol = 2 7/<713E-4
Intercellular carbon 1.00 -0.71 -0.71* -058 -0.70 -0.74*  0.57
dioxide concentration
= i3
AL 1.00 0.73* 09777 080" 0.86"* -0.62
Stomatal conductance
1| FH 3 322
7J(5}7’FJ}-H§¢Z$ 1.00 0.7 051 064 -071°
Water use efficiency
F/F, 100 072° 0777 -073"
F./Fy 100 096" -045
P .00  -050
NPQ 1.00
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KA BRI AR A R R 0
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W JE 2R RE H 75 TR a5 LR LT LK
SRR, gL A e, R EZ ROL G ™
Pyt R TREE RTINS R R AL B S S 0
JCE R 21 5 35 e R VR . A BT 5 Fp mg it e 2%
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